Abstract -This mini workshop is organized to provide an interactive forum for the introduction of a set of five new curriculum modules developed under IEEE's Real World Engineering Projects (RWEP) program. The modules, which are representative of a larger collection of curriculum modules available to the public via an open-access RWEP web portal, are designed for use in the first-year engineering and computer science classroom, and are hands-on, team-based projects that emphasize the societal impact of the work that engineers do. After a brief introduction to the RWEP program and the five showcased curriculum modules, the authors of the modules will work one-on-one with the audience providing tutorials on the laboratory activities associated with their modules in a highly interactive, simultaneous mode.
MINI-WORKSHOP AGENDA
The mini-workshop will begin with a 10 minute overview of the Real World Engineering Projects program, followed by a brief (10-minute) introduction to the five projects and a short question and answer session. The bulk of the mini-workshop (60 minutes) will be used for one-on-one, interactive, live project tutorials by the authors of the curriculum modules, set up ''poster-session style'', i.e., with simultaneous, informal presentations by the authors. Each project will have its own demonstration table, with posters of information and hands-on demonstrations and/or videos. This will allow for audience members to interact directly with the authors, and to try out the same sorts of activities that are proposed for the students. This will give audience members a strong sense of how the activities might work at their own institutions, and an opportunity to talk directly with the authors about their own experiences with the project in the classroom.
WORKSHOP GOALS AND EXPECTED OUTCOMES
The IEEE RWEP program's ongoing goal is to develop an on-line, open-access library of high quality, hands-on, teambased curriculum modules for use in first-year college courses in electrical engineering (EE), computer engineering (CE), biomedical engineering (BE), electrical engineering technology (EET), and computer science (CS). These curriculum modules are designed to be used by faculty members around the world who teach first-year students in introductory laboratory courses. The modules are designed as stand-alone units each covering about two weeks of instruction, so that faculty can pick and choose the modules they like to build a course that meets their needs. The curriculum modules are specifically designed to be discovery-based, and to illustrate real-world contemporary problems whose engineering solutions benefit society.
The RWEP approach to first-year instruction is expected to help with retention of students, by clearly demonstrating the relevance of fundamental engineering and science concepts to real-world, contemporary problems, and by showcasing the impact that engineering has on society. Students are guided in discovering the importance of a contemporary problem in a way that will excite their interest in creative solutions. The modules make use of activities that allow students to discover key concepts about engineering science and design in a hands-on way; they demonstrate how and why technical methods work, rather than simply providing a recipe for a solution. The societal impact focus of the modules is expected to help in the retention of all students, and particularly women, by providing the students with opportunities to understand how their own future work might help others. • Will be encouraged to use the curriculum modules in their own classrooms.
• Will engage in discussion about the importance of relaying to their students the benefit to society of what engineers do.
• Will exchange information on learning methods that successfully engage first-year students and support recruitment and retention of those students.
• Will be made aware of future opportunities to contribute to IEEE Educational Activities Programs curriculum development efforts, particularly through grants from future rounds of the RWEP program. This awareness will help the RWEP "gain momentum" in building and strengthening its library.
HIGHLIGHTED RWEP PROJECTS

Developing a Personally Controlled Health Record (PCHR) Using Microsoft Visual C#
Nicky Mostert-Phipps
In earlier years, patients normally had a single healthcare provider that took care of all their healthcare needs, but in modern society it is highly unlikely that a patient will receive care from the same healthcare provider from the cradle to the grave. It has thus become very important that patients keep a comprehensive record of their medical history, since they will most probably not have a single healthcare provider who will keep such a record on their behalf. A personally controlled health record (PCHR) may aid patients in keeping a comprehensive record of their medical history and other relevant information. A PCHR is an electronic application that allows individuals to capture, access, and manage their own health information. A PCHR represents a repository of an individual's health information and allows the individual to have a lifelong summary of all of his/her health information in one convenient place. In this Real-World Engineering Project, students learn how personally controlled health records can make it possible for a person to capture, access, and manage his or her own health information in a convenient and secure way. They learn how these records can improve quality of care by improving communication between multiple healthcare providers, and reduce costs by avoiding unnecessary duplication of medical tests. In the laboratory, students use C# to program personally controlled health records. Along the way, they learn programming skills, about how encryption can be used to secure data, and about the design of user-friendly user interfaces.
Discovering Wireless Sensor Networks: Applications in Structural Health Monitoring, Parts 1and 2
Masoud Agah, Luiz DaSilva, Allen MacKenzie, and Sanjay Raman Large sensor networks have a variety of important applications in society, including monitoring environmental quality, detecting hazardous emissions, and tracking vital signs for healthcare applications. Wireless sensor networks enable pervasive monitoring of the physical world; this provides decision makers with actionable information and helps engineers better understand and model physical systems. For example, a wireless sensor network monitoring emissions from an industrial site could detect the release of a toxin before sufficient quantities were released to seriously harm the environment.
The project described here specifically focuses on the creation of a wireless sensor network to monitor the structural health of a bridge, motivated in part by the collapse of the I-35W Mississippi River Bridge in 2007. It illustrates how systems designed by electrical and computer engineers and computer scientists can improve safety conditions in our infrastructure and potentially save lives.
In Part 1, students learn about the importance of monitoring stresses on bridges and other civil infrastructure, and about how public safety can be improved by using wireless sensor networks for continuous structural health monitoring. This curriculum module, the first in the set, introduces topics in sensor read-out electronics and data conversion. The students build a resistance bridge to measure an unknown resistance, which is sensed with an instrumentation amplifier and converted to a digital signal using an analog-to-digital converter. In the process, the students learn some circuit and sensor basics, and about the quantization error inherent in digital signals.
In Part 2, students learn about the importance of monitoring stresses on bridges and other civil infrastructure, and about how public safety can be improved by using wireless sensor networks for continuous structural health monitoring. This curriculum module, the second in the set, introduces topics in micro-electrical-mechanical systems (MEMS), microsystems, and sensors. The students learn how MEMS technology has impacted a wide variety of products and applications, including airbags for automobiles, print heads, Wii controllers, and tools for analysis and sensing in medicine, biology and chemistry. In the lab, they use resistive sensor read-out circuitry developed in the first curriculum module, along with a resistive strain gage, to measure strain as a ruler is deflected. In the process, the students learn about the relationship between the digital signal captured and the physical quantity being sensed, and the factors that influence that relationship.
The third curriculum module in the set, introduces topics in radio-frequency wireless data communications. The students learn how wireless communication makes it possible to continuously monitor civil infrastructure from a remote location. In the lab, they experiment with the design 978-1-61284-469-5/11/$26.00 ©2011 IEEE October 12 -15, 2011, Rapid City, SD 41 st ASEE/IEEE Frontiers in Education Conference S1A-3 of random access medium access control protocols for wireless sensor networks, which enable multiple sensors to share a radio channel. In the process, they see design tradeoffs involving complexity, efficiency, and fairness. The fourth curriculum module in the set introduces topics in wireless sensor networks. The students learn about a variety of applications for wireless sensor networks, including environmental sensing, health applications, location tracking, and the identification of seismic events. In the lab, they use Zigbee-ready boards and resistive strain sensors developed earlier to build a wireless sensor network, and cooperate to send and aggregate strain data. A design exercise involves instrumentation of the I-35W Mississippi River Bridge, which collapsed in 2007. In the process of doing the lab and design exercise, the students learn how physical limitations such as transmission range affect the design of wireless sensor networks.
Map Mashups for Better Visualization of Location-Based Trends
Kamyar Dezhgosha
Maps and map mashups where you display relevant location-based information on a map in new and interesting ways are at heart of this project. When you describe statistical data (such as population levels or poverty rates) by displaying graphically on a map, rather than by providing a basic list or table, it will bring the data to life. Google maps API enables you to create applications that combine the mapping information with your own set of data and relevant statistical data so that you can have an effective custom view of information. The societal impact of embedding this visual location-based information in web sites will be on promoting awareness, better understanding of data, and discovery of relevant local and global supporting organizations.
Instructors can present the problem which is how to embed a map or create an embedded map mashup in a web page using Google technology. The background lecture slides should give you a good starting point where map mashup example web pages should motivate students and provide a visual picture of typical applications with societal benefits. Google maps API and Google Visualization API as powerful programming interfaces provide the required technologies for a variety of interesting and flexible solutions. You start the students in the first phase with minimal programming via using a Google wizard. In the second phase, the students run four introductory objectoriented programs based on Google Maps API. These prewritten basic examples together with background slides should provide necessary familiarity to object-oriented programming (OOP) style and terminology for the rest of this project. In the third phase, they are gently introduced to the Google Maps JavaScript API through modifying the existing code for an embedded map in their web pages. Finally, students use a map-specific Google visualization API, Geomap, where they can map statistical data (on poverty rates) to associated geographical regions creating an embedded map mashup. In this last phase, they gain highlevel abstraction (Visualization API) and its ease-of-use in exchange for design flexibility (being limited to methods exposed by Geomap). Before getting into details of the hands-on project, you need to ensure that students have the required tools.
In this project, students learn that map mashups can help improve understanding of a societal problem by allowing better visualization of location-based trends; for example, map mashups can be used to show the spread of epidemics, or the relative rates of child poverty, color coded on a map in an interactive and graphical way. The students learn how to program a map mashup, using the Google Maps API. In the process, they learn about object-oriented programming and web applications. Two versions of the project are provided, for students with and without prior experience in objectoriented programming (OOP). Version 2, for students with experience in OOP, has been zipped into one file listed under "Additional Project Materials".
Digital Logic for Medicine and Biology Research: A Hardware Implementation of the Smith-Waterman Algorithm for DNA comparison
Javier Resano
Bioinformatics is a major research field that directly influences both Biology and Medicine. Deoxyribonucleic acid (DNA) is the main target of bioinformatics since it stores the genetic information that influences the most important characteristics of an organism. Dealing with DNA is not a simple issue. The main problem is that DNA is a huge data-structure. For instance, a human genome contains approximately 3 billion DNA base pairs. Hence, traditionally, only supercomputers could deal with it. However, recent research has proposed to develop hardware implementations of the available comparison algorithms using programmable hardware devices, such as FPGAs (Field-Programmable Gate Arrays). This option not only provides a high performance, but it is also very affordable.
In this project, students learn that the comparison of DNA sequences is important to a wide variety of applications in medicine and biology, including the analyses of ecosystem biodiversity, cancer mutations and the evolution of viruses. The students learn that specialized yet inexpensive digital hardware based on field programmable gate arrays can help speed the analysis of DNA sequences. They design and test a simple implementation of the SmithWaterman algorithm that is broadly used for DNA sequence comparisons. In the process, they learn about computational platforms, digital logic, and a divide-and-conquer approach to design.
